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Background: Malnutrition, polypharmacy and poor oral health are major concerns among older people living at
home, and they contribute to disability and care dependency. This article describes the study protocol of the
Nutrition, Oral Health and Medication (NutOrMed) intervention study.
Methods/design: This study was a population-based multidisciplinary intervention study. The NutOrMed study
sample included home care clients aged 75 years or over living in Eastern and Central Finland. All the participants
(n = 275) were interviewed at home at the baseline and after a 6-month intervention. The primary outcomes are
nutritional status, oral health status and factors associated with them. These measures were administered at the
baseline and after a 6-month follow-up. Agreement between in-home interviews and electronic medical records
regarding drug use was checked at the baseline.
Discussion: Our study provides evidence about factors associated with nutrition, oral health and medication that
may compromise the ability to stay at home. The strengths of this study are its multidisciplinary approach, the
diversity of the measures, including interviews and clinical examinations, and the multi-interventions targeting those
in need.
Trial registration: ClinicalTrials.gov: NCT02214758
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The European population is ageing due to the increased
number of older people aged 75 years or over [1]. Nine
out of ten people aged 75 years or older would like to
live in their own home instead of living in residential
care [2]. This presents a growing need for home-
delivered services. Nowadays in Finland, 11.9 % of
people aged 75 years or older are municipal home care
clients [3]. The purpose of home-delivered services is to
support maintaining of health, functional abilities and
quality of life [4]. These services and assistance at home
should support older patients’ needs [2].* Correspondence: miia.tiihonen@uef.fi
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creativecommons.org/publicdomain/zero/1.0/Malnutrition, excessive polypharmacy and poor oral
health are major risks to the health and functional abil-
ities of older people living at home [5, 6]. The prevalence
of possible malnutrition—measured by the Mini Nutri-
tional Assessment SF (MNA-SF) test—is 15 % among
older community-dwelling persons [7] and about 50 %
among older home care clients in Finland [8]. Poor oral
health is common among older people receiving home
care services in Japan [8] and Sweden [9]. Malnutrition
affects oral health, and poor oral health, in turn, may
lead to malnutrition [7, 10]. In addition, home care cli-
ents have several diseases, and the prevalence of poly-
pharmacy (defined as use of six or more medications) is
51 % [11]. Polypharmacy and malnutrition may influence
each other, and the interaction between a larger number
of drugs and nutritional status is currently not fully
appreciated.article distributed under the terms of the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any medium,
. The Creative Commons Public Domain Dedication waiver (http://
) applies to the data made available in this article, unless otherwise stated.
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community-dwelling [7, 12, 13] older population or per-
sons living in residential care [8, 14]. As far as we know,
no studies of the vulnerable home care population have
examined the relationship between nutrition, oral health
and medication use. A comprehensive perspective is im-
portant because home care clients are more vulnerable
and at a higher risk of having adverse health outcomes.
Here, we describe the study protocol of the Nutrition,




This study was a prospective non-randomised population-
based multidisciplinary intervention study.
Participants and setting
The NutOrMed study sample included home care clients
aged 75 years or over living in Eastern and Central Finland
(Fig. 1). The intervention group consisted of a random
sample of 250 home care clients from community I withFig. 1 NutOrMed study sample105,141 inhabitants. The control group was comprised of
a random sample of 75 people from community II with
20,224 inhabitants and a total sample of 115 people from
community III with 7524 inhabitants. The intervention
city was big enough to allow us to get a random sample,
but the other two towns were smaller, and therefore, both
towns were needed as control groups to maximise the
number of controls. For the same reason, all the home
care clients in community III had the possibility to partici-
pate (total sample). To avoid contamination, the interven-
tion group was situated approximately 100 km away from
the towns of the control groups. Randomisation inside
communities I and II was done with a coded list of home
care clients and an SPSS random sample tool. The study
was introduced to the persons included in the sample by
home care nurses both verbally and with a written bul-
letin. After that, those willing to participate gave their
written consent. In the case of cognitive impairment
assessed by a geriatrician, consent was given by a family
member or trustee.
The sample size calculation was estimated based on
Mini Nutritional Assessment (MNA) with the objective
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group. In our previous study, the standard error of the
mean change in MNA was 0.36 and the standard devi-
ation, 3.0 [15]. The former study had a population
(risk of malnutrition) comparable to the one in this
study, so it was assumed that the standard error and
standard deviations are also comparable. Furthermore, a
power of 80 % and a two-sided alpha of 0.05 were used.
Based on these assumptions, 80 people are needed in
each group. At the baseline, all the participants were
interviewed at home by trained nurses, nutritionists,
dental hygienists and pharmacists. We had no exclusion
criteria regarding maximum age, morbidity or cognition.
If a home care client was unable to reply correctly,
mostly because of cognitive impairment, data collection
was supplemented by an interview of a caregiver or a
nurse.
Baseline
Home care nurse interview and clinical examination
Sociodemographic factors, health status, depression,
cognitive functioning and functioning in the activities of
daily living and instrumental activities of daily living
were determined through interviews by home care
nurses. The home care nurses were those who took care
of each home care client on a daily basis. The nurses
were trained by one person (IN) from the University of
Eastern Finland. Cognition was assessed by the Mini-
Mental State Examination (MMSE) on a scale of 0–30
with higher scores indicating better function [16], and
mood was measured by the 15-item Geriatric Depression
Scale (GDS-15) [17]. Activities of daily living (ADL)
were assessed using the 10-item Barthel Index [6], and
instrumental activities (IADL), by the 8-item Lawton
and Brody scale [18]. Scoring for the ADL index is from
0–100 and for the IADL scale, from 0–8, with higher
scores indicating better functioning. Comorbidity was
computed using a modified version of the Functional
Comorbidity Index (FCI) [19]. Data on the following 13
medical conditions were available [20]: (1) rheumatoid
arthritis and other inflammatory connective tissue dis-
eases, (2) osteoporosis, (3) diabetes, (4) chronic asthma
or chronic obstructive pulmonary disease (COPD), (5)
coronary artery disease, (6) heart failure, (7) myocardial
infarction, (8) stroke, (9) depressive disorder, (10) visual
impairment, (11) hearing impairment, (12) Parkinson’s
disease or multiple sclerosis and (13) obesity (body mass
index (BMI) > 30). The presence of each of the 13 condi-
tions gave one point, and a higher FCI sum score repre-
sented greater comorbidity.
Biochemical measurements relevant to nutritional sta-
tus, e.g. serum albumin and prealbumin, were per-
formed. Serum albumin is considered the most accurate
indicator of a patient’s protein store and is therefore themain indicator of depletion of body protein stores, indi-
cating protein malnutrition [21, 22]. The half-life of al-
bumin is approximately 20 days, so it represents protein
nutritional status from the previous weeks or month. Al-
though there is no national standard or consensus, a
serum albumin level of 3.5 g/dl is usually considered
low. There are also other reasons for low serum albumin
levels. These are acute health disasters like septic infec-
tion and nephrotic syndrome, which can lower serum
protein levels. Prealbumin has a half-life of 1 to 3 days;
therefore, levels respond quickly to protein deprivation
and nutritional intervention [23]. It has become a vital
objective tool in evaluating acute nutritional changes.
Prealbumin is considered a more reliable indicator of the
patient’s nutritional status. Prealbumin levels respond rap-
idly to nutritional support and are often used as an indica-
tor of the effectiveness of a feeding intervention.
Orthostatic blood pressure (BP) was measured after
10 min of rest lying in bed. BP was measured in lying,
sitting and standing positions (at 1 and 3 min) by a
trained nurse using an automated blood pressure moni-
tor. A modified chair stand test [24] was used to assess
the ability of the participants to perform sit-to-stand and
stand-to-sit tasks five times as fast as possible. As a
modification of the original test, the hands were held to
each side and the participants were allowed to help with
their hands, if needed. Time was measured with a
stopwatch.
Nutritionist interview and clinical examination
Nutritional status and eating habits were evaluated by a
nutritionist. She examined weight, height and daily eat-
ing routines with a 24-h diary. Body weight was mea-
sured using a balance scale and BMI was computed as
the ratio of weight to the square of height (kg/m2).
Nutritional status was evaluated with an MNA test [25]
and nutrient intake by using 24-h dietary recalls. The
MNA test is a validated and standardised screening tool
developed to detect nutritional problems in older people.
The MNA test fulfils many criteria for screenings instru-
ments and definitive assessment tools. The MNA test
was developed and validated on large representative
samples of older persons, and it has been shown to be
clinically useful [26]. The MNA test is the reference in-
strument recommended by The European Society for
Clinical Nutrition and Metabolism (ESPEN) [27]. With a
clinical examination as the gold standard, the sensitivity
and specificity of the MNA test are 96 and 98 %, re-
spectively. The maximum sum score of the MNA test is
30; scores of 24.0–30.0 indicate normal nutritional sta-
tus, scores of 17.0–23.5, a risk of malnutrition and
0–16.5, malnutrition. We used a 24-h dietary recall. The
nutritionist asked the participant to recall all food and
drink during the previous 24 h. She administered a 24-h
Table 1 The inclusion criteria for nutritional interventions
Inclusion criteria
Intervention 1 EM or risk of EM (MNA score <24)
Intervention 2 PM or risk PM plasma albumin <35 g/L
Intervention 3 PEM or risk of PEM (MNA score
<24 and plasma albumin <35 g/L
EM energy malnutrition, PM protein malnutrition, PEM protein-energy malnutrition,
MNA Mini Nutritional Assessment
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nutrient (protein, carbohydrates and fat) intake.
Dental hygienist interview and clinical examination
Trained dental hygienists interviewed the participants
prior to a clinical oral health examination based on writ-
ten, patterned instructions. The interview first included
questions about use of services (treatment place during
the last visit to dental care, time since the last visit to
dental care, reason for not having visited dental care)
and self-perceived need for care. Next, the participants
were asked about self-reported oral health (perceived
oral health, pain and discomfort related to teeth or den-
tal prosthesis, oral health-related quality of life, eating
problems caused by teeth, sense of dry mouth), presence
of a removable dental prosthesis, oral health-related be-
haviour (tooth brushing frequency, use of tooth cleaning
devices, cleaning and overnight storage of the removable
dental prosthesis, cleaning of oral mucosa) and problems
related to cleaning of teeth and the mouth.
The clinical examinations were also conducted at the
participant’s home according to WHO instructions [28]
and with help of a mouth mirror, a WHO periodontal
probe (natural teeth) and a headlamp. The participants
were either sitting or lying down. The subjects were first
asked about the need for antibiotic prophylaxis in dental
care, and if they answered yes, periodontal measure-
ments were excluded. First the type and location (full or
partial denture separately in the upper and lower jaws),
need for repair (yes/no) and hygiene (good if plaque or
tartar not shown) of the removable dental prosthesis
were examined outside the mouth. Possible pain related
to use of a prosthesis was also asked. The intraoral
examination began with an examination of the oral mu-
cosa using a dental mirror and gauze. After this, the
number, location and condition of the teeth were re-
corded as follows: sound, filled with no need for repair,
fractured with no caries, carious, root caries, radix with-
out caries, missing or not able to examine. Tooth mobil-
ity was defined with one finger and an instrument and
registered as none, 1–2 teeth with mobility or 3 or more
teeth with mobility. Spaces in the dental arch were re-
corded separately in the upper and lower jaw by sextants
as follows: none, space present but filled by a removable
prosthesis, fixed prosthesis or implant and space present
but not filled. Presence of plaque on each tooth was reg-
istered according to the modified Silness & Löe [29]
index and recorded as none, found at the gingival mar-
gin only, found also elsewhere or not able to examine/
tooth missing. Presence of gingival bleeding on probing
was measured for each teeth except for wisdom teeth
and recorded as yes, no or not able to examine/missing
tooth. Depth of periodontal pockets was measured with
a ball-ended WHO periodontal probe at four points(distal angle, midpoint of the buccal site, midpoint of the
lingual site and mesial angle) and recorded by tooth ac-
cording to the deepest probing pocket depth (PPD) as
no pocket, pocket ≥4–5 mm or not able to examine. The
examination was performed according to the asepsis of
dental principles and ethical guidelines.
Pharmacist interview
A pharmacist interviewed the participants and recorded
each prescription and non-prescription medication and
complementary and alternative medicine supplements
used regularly, as needed within a week or in the past on
the basis of the interview, medication lists, packages and
prescriptions at the baseline. All medications were
encoded using the Anatomic Therapeutic Chemical
(ATC) classification (WHO) [30]. Additionally, strengths,
quantity, timing, indications and possible adverse reac-
tions and problems were recorded. The medication list
from the locally used electronic medical record (EMR)
was gathered from the same day as the in-home interview.
Intervention
The NutOrMed study included nutritional and oral
health interventions. On the basis of a blood test, MNA
and nutritional history, the nutritionist developed a plan
for individualised nutritional care and discussed it with
the participant and her/his nurse or family members
(Table 1). The objective of nutritional care was not to
change the participants’ food habits completely but to
correct possible inadequacies in their diet. The main ob-
jective was to recommend food items that they were fa-
miliar with and which were already part of their daily
diet. If the participants seemed unable to increase the
energy and/or protein of their diet, daily complementary
dietary drinks were recommended to them. In addition,
the intervention persons were advised to take a 20-μg
vitamin D supplement daily. After the dental hygienist
interview and oral health examination, the participants
in need were targeted for oral health intervention. The
intervention included individualised instructions on ei-
ther dental hygiene, denture hygiene, cleaning of the oral
mucosa or treatment for dry mouth.
The participants were re-examined by home care
nurses, nutritionists and dental hygienists 6 months after
the baseline interviews to evaluate the effectiveness of
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intervention and control groups had the same examina-
tions with the exception of the nutritional and oral
health intervention.
Outcome measures
The primary outcome measures are the following: (1)
improvement in nutritional status measured by MNA
test, laboratory tests, change in weight and BMI and nu-
trient intake based on a 24-h dietary recall; (2) improve-
ment in oral health status measured by clinical oral
health examination and in-home interview (self-reported
oral health); and (3) agreement between in-home inter-
view and EMR regarding medication. The measurements
of outcomes 1–2 were done at the baseline and after the
6-month follow-up. Drug use was evaluated only at the
baseline.
The secondary outcome measures are based on the re-
sults of the self-reported questionnaire: mood (GDS-15),
activities of daily living (Barthel Index) and instrumental
activities (Lawton and Brody scale), blood pressure
(mmHG) and chair stand test (s).
Statistical analysis
Analyses were performed using SPSS version 19.0 (SPSS,
Inc., Chicago, IL, USA). The change that occurred during
the intervention period was calculated for each outcome
measure. Where the distribution of the change was ap-
proximately normal, an independent t test was used to
compare the groups. When the data were not normally
distributed, a Mann-Witney U test was used. Statistical
comparisons between the groups were made using a chi-
square test or t test, with 0.05 considered significant. The
results are expressed as means or frequencies with stand-
ard deviations (SD) or percentiles. A regression analyses
was used to measure the effectiveness of the intervention
over the follow-up period.
Ethics approval
The study protocol was approved by the Research Ethics
Committee of the Northern Savo Hospital District, Kuopio,
Finland.
Discussion
The present study describes the study protocol of the
first intervention study examining the relationship be-
tween nutritional status, oral health and medication use
in a home care population.
During the last few years, living at home has been pre-
ferred over residential care [2, 31]. Providing home care
services that meet the needs of community-dwelling
older people is an increasingly pertinent issue. Already
numerous countries, including Finland, have observed a
substantial rise in expenditure and demand for homecare services, which is predicted to continue. Our study
provides evidence on the factors associated with nutri-
tion, oral health and medication use that may comprom-
ise the ability to stay at home.
The strengths of this study are its multidisciplinary ap-
proach, the diversity of the measures, including inter-
views and clinical examinations, as well as the multi-
interventions targeting those in need. The findings of
this study are directly applicable to real life, allowing
health care professionals to focus on nutrition, oral
health care and medication use among older people. In
addition, the present study had no exclusion criteria re-
garding age and morbidity or the cognitive status of
home care clients.
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